Abstracts-Piperidine is one of pharmacologically active biogenic amines While two pathways for piperidine production have been reported, little is known about me tabolism of the compound.
other hand, there is little information on the metabolism of Pip.
In the present study, metabolites of Pip in the rat urine were studied in order an attempt to elucidate the mechanism of inactivation of the amine in living body.
MATERIALS AND METHODS
Detection of metabolites using 3H-labelled piperidine 3H-Pip hydrochloride (specific activity, 300 pCi/mg) was prepared by New England Nuclear Corp. according to the method of Wilzbach (33). Unstable tritium was removed by repeated crystallization to a constant specific activity and pure crystals of the salt were used. Glusulase used for the present experiment was prepared by Endo Laboratories Inc.
and contains 100,000 units of (3-glucuronidase and 50,000 units of aryl-5-sulfatase per ml.
Twenty-four male Wistar rats, weighing 180±20 g, were divided in two groups. 3H-Pip HC1 (50 ,uCi/animal) was given i.p. to each of 12 rats of one group (Pip group). Rats of the other group (control group) were given the same volume of saline. Total urine of each group was collected over a 72 hour period under toluene layer (5 ml )with IN HC1 (10 ml) in a flask. Each pooled urine was extracted by a mixture of cyclohexane and benzene
(1:1). After evaporation, the residue was dissolved in a small volume of ethanol, and the solution was spread in a narrow band on a chromatograph paper (Toyo-Roshi, No. 51, 3 x 57 cm). Analysis by paper chromatography was performed as follows: developing solvent, n-butanol : acetic acid : water=4:1:2, ascending method, for 24 hours. After drying, the chromatograms were scanned on a radiochromatography scanner (RCS, Aloka type JPC 102).
In order to detect the presence of conjugated Pip, a part of the urine described above was adjusted to pH 6.5 with 2N NaOH. Both phosphate and sulfate ions were removed from the urine by adding an excess of saturated BaC12 solution and by centrifuging the precipitate. The supernatant was incubated with 0.1 ml of ;3-glusulase for 24 hours at 37'C (34), extracted and subsequently treated by the same procedure as described above. Prior to this experiment, Rf-values of authentic Pip and its putative metabolites such as 3-hydroxypiperidine (3-OH-Pip), 4-hydroxypiperidine (4-OH-Pip), N-acetylpiperidine, N-methylpiperidine and piperidone-2 on paper chromatogram were determined by using ninhydrin and Dragendorff's reagents.
Identification and quantitation of metabolites
Four groups each including nine rats were used. Pip HCl (1.0 mg/animal) was given i.p. to each rat of two groups (pip groups) and the same volume of saline to each rat of the other two groups (control groups). Urine from each group was collected over a 72 hour period. The pooled urine was treated with the same volume of 5 % trichloracetic acid solution (TCA). After centrifugation, the supernatant was adjusted to pH 12 with 2N
NaOH and the amines in the solution were converted to dinitrophenyl (DNP) derivatives according to the procedures previously described (23, 24, 25).
The DNP derivatives produced were extracted with 50 ml of cyclohexane and then with the same volume of ethyl acetate. After evaporation, the residue was dissolved in a Identification and quantitation of metabolites Authentic DNP-3-OH-Pip and DNP-4-OH-Pip were applied to GC-MS and peaks appeared on chromatograms of total ion monitor (TIM) were analyzed by mass spectrometry.
Mass spectra of both authentic amines are shown in Fig. 2 . Major fragment ions of both amines were as follows. 1) DNP-3-OH-Pip : a parent ion peak at m/e 267, a base ion peak at m/e 232 and another intensive fragment ion peak at m/e 250. 2) DNP-4-OH-Pip : a parent ion peak at m/e 267, a base ion peak at m/e 232 and another intensive fragment ion peaks at m/e 250 and 186.
The sample obtained from the urine of the Pip group was then applied to GC-MS.
Two peaks having retention times equal to those of authentic DNP-3-OH-Pip and DNP-4
OH-Pip (9.9 and 12.1 minutes, respectively) appeared on the TIM chromatogram. Mass spectra of the peaks were quite identical with those of DNP-3-OH-Pip and DNP-4-OH-Pip (Fig. 2) . The sample from the control group also showed the same pattern of spectra as those of Pip group, that is, both 3-OH-Pip and 4-OH-Pip were found in the urine of the control group.
The quantities of hydroxylated Pip measured are shown in Table 1 . The quantities of 3-OH-Pip and 4-OH-Pip in the Pip group were 2.26 and 3.12 times larger than those of corresponding compounds in the control group, respectively . The study on pharmacological properties of 3-OH-Pip and 4-OH-Pip showed that both hydroxylated metabolites are pharmacologically different from Pip itself. As shown in Table 2 , they do not have synaptotropic properties which constitute the most characteristic pharmacological feature of Pip (17, 19) , but rather simulate the pharmacological actions of long-chained amino alcohols.
These findings suggest that Pip of either endogenous or exogenous origin is , at least in part, inactivated by being metabolized to its hydroxylated compounds and conjugated ones and is then excreted into the urine. 
